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0 A laminate (10) which is transparent to radio 
frequency emissions, useful as a thermal control and 
electrostatic discharge surface, for example for pro- 
tecting spacecraft antenna hardware, comprises a 
conductive layer (12) for dissipating electrostatic 
charges and a thermal control layer (24) for reflect- 
ing thermal radiation and reducing the effect of tem- 
perature variations on one side of the laminate on 
the region on the other side of the laminate. In a 
preferred embodiment, the conductive layer (12) 
preferably comprises a semiconductor, such as ger- 
manium. The thermal control layer (24) comprises a 
film layer (14), for example of polyamide film, a 
mesh layer (16), for example of polyamide fabric, 
attached to the film layer (14), and a thermally 
reflective coating (20), applied to the mesh layer (16) 
for aiding the conductive layer (12) and thermal 
control layer (24) in reflecting radiation. 
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Background of the Invention 

1 . Field of the Invention 

The present invention relates to a laminate that 
is transparent to a wide range of radio frequencies, 
which is useful, for example, as a protective cover- 
ing for spacecraft hardware to maintain thermal 
stability and provide electrostatic charge dissipa- 
tion. 

2. Description of Related Art 

Various types of equipment, such as commu- 
nications equipment, require protection when 
placed in environments which are electrically 
charged and/or contain great thermal variations to 
avoid damage or distortion of the equipment. For 
example, the space environment subjects 
spacecraft exterior hardware, such as antennas, to 
great extremes in temperature and high fluxes of 
charged particles, or plasma. Great variations in 
temperature over short periods of time can cause 
mechanical distortions in the exterior hardware. 
Protecting communications hardware from extreme 
environments, such as space, presents a special 
problem because the materials normally used to 
protect spacecraft hardware interfere with radio sig- 
nal transmissions. Although protection from the 
hostile environment is a primary concern, mini- 
mization of the cost of the material and its total 
weight are competing concerns. Thus, there is a 
need for a strong material that is capable of provid- 
ing electrical and thermal protection, and yet is 
lightweight, relatively inexpensive, and transparent 
to a wide range of radio frequencies. 

Various materials are shown in the prior art 
which meet some of these criteria, but none meet 
all of them. For example, U.S. Patent No. 4,816,328 
to Saville, et al. discloses a laminate useful as a 
cover for cleaned aerospace equipment during 
retrofitting, shipping, and storing. However, this 
laminate is not adapted for use in the highly elec- 
trostatically charged space environment, nor as a 
thermal control surface. 

U.S. Patent No. 4,810,563 to DeGree, et al. 
discloses a laminate useful as a mounting base or 
chassis attachment member for mounting solid 
state devices. The laminate of DeGree has a metal- 
lic, electrically conductive layer and thus is not 
radio frequency transparent as is the laminate of 
the present invention. 

U.S. Patent No. 4,438,168 to Testard discloses 
a heat shield useful as thermal insulation for cryo- 
genic instruments, but the heat shield has no elec- 
trostatic charge dissipation properties. 

U.S. Patent No. 4,329,731 to Muelenberg, Jr. 
discloses an electrostatic charge dissipative layer 



comprising a dielectric material overlying a metallic 
layer with a plurality of aperture points exposed 
through the film. This dielectric and metallic film is 
not radio frequency transparent. 

5 "Therm o-Mechanical Design and Analysis Sys- 

tem for the Hughes 76 Inch Parabolic Antenna 
Reflector," by S.C. Clark and G.E. Allen, Sr., paper 
AIAA-82-0864, discloses an electrostatic discharge 
laminate useful as a thermal control surface which 

io is radio frequency transparent for certain radio fre- 
quencies. However, the laminate comprises vacu- 
um deposited aluminum that allows passage of 
only certain ranges of radio frequencies. The lami- 
nate of the present invention is easier to fabricate, 

75 radio frequency transparent over a broader range 
of frequencies, and may be more easily used in 
fabricating various stiffened protective structures 
for spacecraft exterior hardware. 

20 Brief Description of the Drawings 



FIG. 1 is a perspective view of a preferred 
embodiment of a laminate of the present inven- 
tion; and 

25 FIG. 2 is a cross-sectional view of the laminate 
of FIG. 1 taken along line 2-2 in FIG. 1 . 

Disclosure of the Invention 



30 To accomplish these and other objects, the 

present intention provides a laminate for providing 
thermal and electrostatic protection which is trans- 
parent to a wide range of radio frequencies, com- 
prising a conducting layer for safely reducing 

35 charge build-up and a contiguous thermal control 
layer attached to the conducting layer for aiding 
the conducting layer in reflecting thermal radiation 
and reducing the effect of temperature variations 
on one side of the laminate on the region on the 

40 other side of the laminate. 

Detailed Description of the Preferred Embodiments 

Referring now to Figures 1 and 2, a preferred 
45 embodiment of a laminate 10 of the present inven- 
tion comprises a conducting layer 12 and a thermal 
control layer 24. The conducting layer 12 is prefer- 
ably a semiconductor, and in the preferred embodi- 
ment is germanium. Thermal control layer 24 com- 
50 prises a film layer 1 4 abutting the conducting layer 
12, a mesh layer 16 attached to the film layer 14, 
and a thermally reflective coating 20. In the pre- 
ferred embodiment, mesh layer 16 is an epoxy 
impregnated woven polyamide fabric, and thermal- 
55 ly reflective coating 20 is a polyvinylfluoride (PVF) 
film, such as Tedlar® (marketed by DuPont). 

Since the components are transparent to radio 
frequency emissions, laminate 10 of the present 
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invention is radio frequency transparent over a 
wide range of communications frequencies, includ- 
ing those commonly used in space applications, 
such as four to sixteen gigahertz. If an electrostatic 
charge accumulates on laminate 10, it is dis- 
charged by the charges migrating across the con- 
ducting layer 12 and then through a conductor (not 
shown) which is connected to the conducting layer 
12 and grounded to a point of low electrostatic 
potential. Since electrostatic charges migrating 
through the conducting layer 12 and the conductor 
are grounded, damaging arcing electrostatic dis- 
charges from one point on the spacecraft to a point 
of lower electrostatic potential on nearby hardware 
may be avoided. 

Laminate 10 is also a thermal control surface 
that reflects a high percentage of thermal energy 
directed at the exterior hardware of, for example a 
spacecraft, from external sources, and reflects radi- 
ation generated by the exterior hardware when the 
exterior hardware is directed at deep space. In 
addition, laminate 10 evens the temperature gra- 
dients across the exterior hardware and reduces 
the temperature rate of change when the exterior 
hardware is exposed to temperature extremes of 
either hot or cold, thus avoiding physical distortions 
in the exterior hardware. 

Laminate 10 may be stiffened and formed into 
various shapes. Due to the material being radio 
frequency transparent independent of shape, the 
material can easily be used in a variety of applica- 
tions. For example, laminate 10 may be used to 
form a radome for a spacecraft antenna reflector. 

When laminate 10 is so used as a cover for 
spacecraft antenna reflectors, it reflects external 
(solar) heat, and maintains mostly uniform tempera- 
tures across the antenna reflector by reflecting 
internal radiation back onto the antenna reflector. 
Internal radiation reflection reduces extreme tem- 
peratures and temperature gradients across the 
antenna reflector, even during partial shading. 
When the reflector faces deep space, the thermally 
reflective coating 20 reflects emitted thermal en- 
ergy from the antenna reflector such that the rate 
at which reflector temperatures fall is significantly 
reduced. 

The conducting layer 12 serves as the layer 
upon which charges from the environment, such as 
space, accumulate and may be dissipated to a 
point of low potential, or ground. The conducting 
layer 12 also reflects thermal radiation from sour- 
ces located on that side of the laminate. The con- 
ducting layer 12 must be radio frequency transpar- 
ent for the radio frequencies desired to be transmit- 
ted through laminate 10. The conducting layer 12 
of laminate 10 abuts to the thermal control layer 
24. The thickness of the conducting layer 12 is 
chosen to reduce its thermal absorption and main- 



tain sufficient electrical conductivity so that the 
surface may still serve the electrostatic dissipative 
function. In the preferred embodiment, the conduct- 
ing layer 12 is germanium which is, for example, 
5 vacuum deposited on the thermal control layer 24 
to a uniform thickness in the range of 500 to 2500 
angstroms. 

Thermal control layer 24 is also transparent to 
a wide range of radio frequencies and acts as a 

io thermal gradient dampener and as a thermal reflec- 
tor. Thermal control layer 24 aids conducting layer 
12 in reflecting radiation when laminate 10 is ex- 
posed to direct heating. Thermal control layer 24 
also reflects radiation emitted by the hardware 

75 which it covers to reduce the rate at which the 
exterior hardware temperature drops, thus avoiding 
hardware distortion resulting from rapid tempera- 
ture variation. 

Thermal control layer 24 includes a thermally 

20 reflective coating 20, preferably a silica-based paint 
or PVF film, such as the PVF film marketed by 
DuPont under the trademark Tedlar®. Thermally 
reflective coating 20 is preferably white for maxi- 
mizing internal radiation reflectivity. For example, a 

25 thermally reflective coating 20 such as NASA ap- 
proved S-13 GLO white, silica-based paint may be 
used. Other thermally reflective coating materials 
with similar thermal and electrical properties may 
be used in place of silica-based paint and PVF 

30 films like Tedlar®. 

In the preferred embodiment of the present 
invention, the thermal control layer 24 also includes 
a film layer 14, acting both as a substrate for the 
conducting layer 12 and a carrier for the reflective 

35 coating 20. The film layer 14 thus supports the 
laminate and in effect holds it together. The film 
layer 14 is preferably a polyamide film which pos- 
sesses the properties of being able to withstand 
high temperature while maintaining its physical in- 

40 tegrity and original shape, and which is transparent 
to radio frequency electromagnetic radiation. For 
example, such a polyamide film is marketed by 
DuPont under the trademark Kapton®. Other ma- 
terials with similar thermal and electrical properties 

45 may be used in place of polyamide film. 

In the preferred embodiment, the thermal con- 
trol layer also includes a mesh layer 16 attached to 
the side of the film layer 14 opposite the conduct- 
ing layer 12, to strengthen laminate 10. Mesh layer 

so 16 is preferably made of a non-flammable 
polyamide fabric, such as the non-flammable 
polyamide fabric marketed by DuPont under the 
trade name Nomex®. Mesh layer 16 may be a 
woven, knitted, or non-knitted polyamide fabric, 

55 which includes the woven polyamide fabric mar- 
keted by DuPont under the trademark Kevlar®. 
When the polyamide fabric is impregnated with 
epoxy which is then cured, additional stiffness and 
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strength is added to laminate 10. Other similar 
materials with similar thermal and electrical prop- 
erties to polyamide fabric may be used. 

In the preferred embodiment, the germanium 
layer is about 1100 angstroms thick, the Kapton® 5 
film which serves as film layer 14 is about 1 mil 
thick, the Nomey® fabric used as the mesh layer 
16 is 4 to 5 mils thick, and the Tedlar® film used 
as thermally reflective coating 20 is about 1 mil 
thick. With this construction, the laminate 10 allows 10 
over 99% of the radio frequency emissions to pass, 
while only allowing 4-5% of the light through. In 
general, the thicker the layers, the less light passes 
through and the less radio frequency transparent 
the laminate 10 becomes. Thus, these dimensions 75 
can be increased to reduce the light transmission 
of the laminate 10, at the cost of also decreasing 
the amount of radio frequency emissions which 
pass through the laminate. 

Alternative embodiments of thermal control lay- 20 
er 24 may be made of thermally reflective coating 
20 in combination with either film layer 14 or mesh 
layer 16, or other layers which provide sufficient 
structural support for conducting layer 12 and ther- 
mally reflective coating 20 and which are transpar- 25 
ent to radio frequency emissions. Also, thermal 
control layer 24 ideally would be made of only a 
material which combines the thermal reflectivity of 
thermally reflective coating 20 with the strength of 
film layer 24; however, no such materials are pres- 30 
ently known. 

The above description is included to illustrate 
the preferred embodiments and is not meant to 
limit the scope of invention. The scope of the 
invention is to be limited only by the following 35 
claims. From the above discussion, many variations 
will be apparent to one skilled in the art that would 
yet be encompassed by the spirit and scope of the 
invention. 

40 

Claims 

1. A laminate for providing thermal and electro- 
static protection comprising: 

a conducting layer which is transparent to 45 
a wide range of microwave frequencies for 
dissipating any electrostatic charges which ac- 
cumulate thereon and reflecting thermal radi- 
ation; and 

a thermal control layer which is transparent so 
to a wide range of microwave frequencies at- 
tached to the conducting layer for reflecting 
thermal radiation and minimizing the effect of 
changes in the temperature on one side of the 
laminate on the region on the other side of the 55 
laminate. 



2. The laminate of claim 1, wherein the conduc- 
tive layer comprises a semiconductor. 

3. The laminate of claim 2, wherein the semicon- 
ductor is germanium. 

4. The laminate of claim 2, wherein the semicon- 
ductor layer has a uniform thickness of ap- 
proximately 500 to 2500 angstroms. 

5. The laminate according to claim 1 , wherein the 
thermal control layer further comprises a ther- 
mally reflective coating. 

6. The laminate according to claim 5, wherein the 
thermally reflective coating comprises a silica- 
based paint. 

7- The laminate according to claim 5, wherein the 
thermal reflective coating comprises a poly- 
vinylfluoride film. 

a The laminate of claim 5, wherein the thermal 
control layer further comprises a film layer 
between the conducting layer and the ther- 
mally reflective coating for serving as a sub- 
strate for the conducting layer and the ther- 
mally reflective coating. 

9. The laminate according to claim 8, wherein the 
film layer comprises a polyamide film. 

10. The laminate according to claim 8, wherein the 
thermally reflective coating comprises a silica- 
based paint. 

11. The laminate according to claim 8, wherein the 
thermally reflective coating comprises a poly- 
vinylfluoride film. 

12- The laminate according to claim 8, wherein the 
thermal control layer further comprises a mesh 
layer. 

13. The laminate according to claim 12, wherein 
the mesh layer is a polyamide mesh. 

14. The laminate according to claim 12, wherein 
the mesh layer is a rigid mesh. 

15. The laminate according to claim 14, wherein 
the rigid mesh is a polyamide mesh impreg- 
nated with epoxy and then cured. 

16. The laminate according to claim 12, wherein 
the thermally reflective coating comprises a 
silica-based paint. 
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17> The laminate according to claim 12, wherein 
the thermal reflective coating comprises a 
polyvinylfluoride film. 

1a The laminate according to claim 12, wherein 
the mesh layer comprises a polyamide fabric. 

19- The laminate according to claim 18, wherein 
the polyamide fabric is rigid. 



70 



20. A laminate for providing thermal and electro- 
static protection comprising: 

a thermal insulation layer comprising a 
polyamide film layer having a first side and a 
second side, a polyamide mesh on the first 75 
side of the film layer, and a silica-based paint 
on the polyamide mesh; and 

a layer of germanium having a uniform 
thickness substantially in the range of 500 to 
2500 angstroms on the second side of the 20 
polyamide film layer. 

21, A laminate for providing thermal and electro- 
static protection comprising: 

a thermal insulation layer comprising a 25 
polyamide film layer having a first side and a 
second side, a woven polyamide fabric im- 
pregnated with epoxy on the first side of the 
film layer, and a polyvinylfluoride film on the 
woven polyamide fabric; and 30 

a layer of germanium having a uniform 
thickness substantially in the range of 500 to 
2500 angstroms on the second side of the 
polyamide film layer. 

35 
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Fig. 1 
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Fig. 2 
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